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1 Introduction
The injector of a neutrino factory must be a very powerful, low energy, proton accelerator.
Such a powerful proton accelerator opens the possibility to run a conventional neutrino
beam (SuperBeam) before the completion of the neutrino factory [1]. In the CERN
conguration the proton driver is a Superconducting Proton Linac (SPL) at a proton
kinetic energy of 2.2 GeV and a power of 4 MW [2]. The base characteristics of the
conventional neutrino beam from SPL have been recently computed by Blondel et al.[3].









) . The default detector will be a 40 kton liquid scintillator
detector. The tonnage is dictated by the neutrino uxes and it is the same mass used for
the neutrino factory default detector [4], while the choice of a liquid scintillator detector
will be defended in sec.5 and 9. Some results will be given for a 10 kton detector.









0:1 (90% CL), while long baseline experiments could lower this limit by a factor 2  5.
SuperKamiokande is measuring Æm
2
atm
















) at the 5% [7].
The note is organized in the following way: a short presentation of the beam uxes
(sec.2) and of the 3 neutrino oscillation parameters (sec.3), followed by the discussion
about the cross sections in liquid scintillator (sec.4). The background reduction will be
performed according to the MiniBooNE suppression factors (sec.5); the systematic errors
of the beam and the detector backgrounds will be discussed in sec.6. These are the main
ingredients for the estimation of the sensitivity either on 
13






(sec.8). The note is concluded with a discussion about the parameters' choices (sec.9),
a crude estimate of the detector costs (sec. 10) and an appendix regarding the 3 neutrino
oscillation formalism. For a fast look to the results you can go directly to sec.12.
The design parameters in this note will be: beam target-detector distance L = 70 km,
decay tunnel length D
T



















The beam from the 2:2 GeV super-conductor Linac at 4MW has been computed in [3], for
dierent choices of the decay tunnel length. The integrated uxes and average energies,
normalized for 10
23
pot, in a area of 100m
2
, 50 km from the target, for a decay length of
30 m, are reported in tab.1, the dierential distribution are in g.1.
Table 1: Integrated uxes and mean energies of the dierent neutrino avors of the
SuperBeam.
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and a decay tunnel of 20 m.
2
3 Three  oscillation



























), corresponding to the LMA solution for
the solars.































































































































Given the relatively short baseline, matter eects will be neglected.




) as function of the target-detector
distance L at the mean 














) probabilities, as function of the neutrino energy for L =
70 km, are shown in g.3.
As discussed in Appendix, for Æm
2
sun
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) as function of L(km) for the average


energy of 0.25 GeV.
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Figure 3: Probabilities of oscillation as function of neutrino energy at L = 70 km; from
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Figure 4: LEFT: uxes of oscillated neutrinos at 70 km from the target. RIGHT: the
same in term of charged current interacting events. Upper plots shows non oscillated 

together with oscillated 










, unfortunately the numbers don't let to separately measure these quantities,
as discussed in the Appendix.








) and so to










) as low as 10
 3
must be detected.
About 70% of 












ratio, as shown in g.5, shows a spectacular









ratio is an important experimental quantity, since it cancels a lot of systematics


























Table 2: Interaction rate for 10
23
pot, 1 kton of liquid scintillator, for dierent values of L
and D
T
. Rates are computed assuming no oscillation. The highlighted row is computed













50 20 107 0.33 0.4 0.33
50 30 130 0.33 0.7 0.35
50 50 143 0.34 1.0 0.36
70 20 54 0.33 0.2 0.33
70 30 66 0.33 0.35 0.35
70 50 78 0.34 0.5 0.36
100 30 33 0.34 0.16 0.35
the behavior of g.5 demonstrates that this new generation experiments will require a
truly 3 oscillation analysis.
In case MiniBooNE conrms the 3.5  appearance evidence of LSND [8], the \s-
tandard" scheme for neutrino oscillations won't hold anymore, and before switching





appearance in the Æm
2
atm
range would become even more urgent and important.
4 Cross Sections
The energy range of the SuperBeam is particularly critical for the  interaction cross
sections because it overlaps with the thresholds for the production of muons and pions,
see g.7, and it extends in a poorly experimentally measured region.
The  inclusive cross sections in liquid scintillator as tabulated in the MiniBooNE
proposal [9] will be used, see g.6. They are taken from reference [10], where they are
computed using the random phase approximation method (RPA). The  interactions in
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liquid scintillator detector as
function of neutrino energy, for dierent processes.
g.4(right) and tabulated in tab.2






)X cross section published by the LSND collaboration [11], in the 60-200 MeV
energy range, is 40% lower than the cross section computed with the RPA method; a





O nuclei in the energy range of fully contained events of SuperKamiokande. These







oscillated events must be separated by background events coming from
beam 
e
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Figure 7: Flux of 

events (solid line) compared with the 

CC inclusive cross section





Oscillated events    50.






















Oscillated events    25.
   Beam    events    20.
Background events     6.
Significance (stat)   3.5σ
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Figure 8: LEFT: spectra of the 
e
-like events without any data reduction. RIGHT: spec-
tra of 
e
-like interacting events after data reduction according to MiniBooNE eÆciencies.




CC interactions with the  misidentied as electron would contribute to the




) as low as 10
 3
require a =e rejection of
the same order of magnitude.







events are neglected because negligible: their ux is 8 times lower than 
e
and the cross section is
3 times smaller. For the same reasons 














































Cerenkov rings, with a appropriate PMT surface coverage and timing, the event
vertex, track length and track direction can be derived.
In a diluted scintillator detector an additional handle is provided by the scintilla-
tion/

Cerenkov light ratio. Below 1 GeV electron and muons have very dierent velocities
 and muons fall below

Cerenkov productions thresholds much before electrons. This is
the main reason why a diluted liquid scintillation detector promise to have better back-
ground reduction respect a water

Cerenkov detector.
Combining all those informations the MiniBooNE collaboration claims to obtain the
background rejection reported in tab.3, in the 0.02 and 1 GeV energy range , for an
electron identication eÆciency of 0.5. With this background rejection a 40 kton liquid
scintillation detector, placed 70 km from the target, in 5 years, would collect the event
spectrum shown in g.8(right) and quantied in tab.4.
6 Systematic Errors
The signal to noise ratio obtained in the previous section is about 1/1. It becomes of vital
importance to know at which level the backgrounds can be measured. The SuperBeam is





is much more favorable than conventional beams.
























ratio can then be determined with low systematic error (no k= ratio to be
predicted by MC).
Furthermore other handles can help the experiment:
 The dierential  production cross sections will be measured at a few % level by
HARP [13].
 A close detector must be built to reduce the systematic errors in 
e
prediction,
neutrino interaction cross sections and background rejections. A close detector of
8
the size of MiniBooNE at 500 m from the target, should measure the background
rates with a statistical error of 2%.
 A status of the art beam monitor must built following the K2K and MiniBooNE
experience.
Given the previous considerations the systematic errors should be of about 5% (conser-
vative), with 2% as a nal goal. As an example MiniBooNE, without the close detector,
with kaons in the beam line and before HARP, quotes 10% as conservative and 5% as
possible.
7 Sensitivity on 
13
The sensitivity of the experiment is xed by the level of statistic and systematic errors.







), the systematic errors have been discussed in the previous
section.





















is the level of the systematic errors.
The number of events and the sensitivity, calculated as a counting experiment with




) = 0:01 and the other parameters as dened
in section 3, are reported in tab.4
Table 4: 
e




)=0.01, the reduction factors of tab.3 and dif-
ferent values of L and D
T














50 5 13 4 5 2.8
50 10 23 13 10 3.4
50 20 34 38 17 3.6
50 30 39 66 21 3.5
50 40 43 83 24 3.4
50 50 44 100 26 3.3
70 20 25 20 6 3.5
70 30 30 33 8 3.5
70 50 34 51 10 3.4
100 20 14 10 2 2.8
100 30 17 16 3 2.9
100 50 20 25 3 2.9
From the plots of g.8 it appears not very relevant to select a energy window to


















































) plane (right). Parameters are Æm
2
atm





for the solars, L = 70 km, 40 kton detector, 5  10
23
pot, decay tunnel length=20 m.
the neutrino energy in visible energy is done in this note (it would be relevant for the
backgrounds). Also the subdivision of the events in energy bins appears not very helpful,
given the limited statistic and the restricted energy range
2
.









































) of g.3 and the interacting 

events of g.4 anticipate the






In case of negative signal, with a systematic error of 1 or 2 %, the experiment can
exclude, in 5 years, the region shown in g.10. The plot is computed assuming the
possibility to dene 4 energy bins in the 0:2; 0:6GeV energy range.










) . Fig.11(left) shows the








3:8; 3:2 or 2.5 eV
2
. While the 3:8eV
2












{ the other two points











if L = 70 km and Æm
2
atm












) . As a counterexample at the
2


























) plane for a systematic error of 1 or 2%.
L=70
































































) plane after 5 years of run, for a
systematic error of 1 or 2% and a distance of 70 km (LEFT) or 100 km (RIGHT).
The crosses sign the initial points (0:98; 3:8  10
 3
), (0:98; 3:2  10
 3











more favorable distance of 100 km, g.11(right), the three points dened above are better
reconstructed.
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9 Regarding the parameters' choices
Liquid scintillator detectors have been widely used in detecting low energy neutrinos. The
experimental methods developed by the LSND/MiniBooNE collaborations nicely t the
needs of this experiment (see sec.5) and are well documented in literature. This is the
reason why liquid scintillator has been used as an illustrative example of the physic reach
of the SPL SuperBeam. It is well possible that cheaper options, like water

Cerenkov, can
equally guarantee the sensitivities here obtained.
There is a large region of the parameter's space (L, D
T
, run time) where the sensitivity
on 
13
is maximum as already results from tab.4. On the other hand the measure of

23
calls for longer L. Having to choose a reference point, the largest L that maximizes
the sensitivity on 
13
has been xed, and consequently D
T
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Figure 12: LEFT: sensitivity of the experiment as function of the distance target-detector
(L) for a decay tunnel of 30 m. CENTER: Sensitivity as function of decay tunnel length,
for L = 70 km. RIGHT: sensitivity as function of the duration of the data taking,
assuming L = 70km, decay tunnel length=20 m.






) = 0:01, D
T
=




) = 0:01, for L = 70 km is optimized as
function of the decay tunnel length D
T
. In g.12(right) the sensitivity of the experiment
as function of the duration of the data taking, with the same parameters as above, is
shown. In this latter case the sensitivity scales proportionally to (time)
1=2
up to 10 years,
reecting the fact that in a 40 kton detector the statistical errors dominate upon the
systematics.
A full comparison of the 90% CL exclusion plots for L = 50; 70; 100 km as well as
D
T
= 5m respect D
T
= 20m is shown in g.13.
10 Cost of the detector
To estimate of the order of magnitude of the cost of the detector, the costs of MiniBooNE
(449 ton, ducial is 382 ton, the photocathode surface coverage is 10%) are scaled up.
Three very basic assumptions are taken in this computation:
1. A 40 kton detector can be built as a single tank. This implies a diameter of about
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) plane with a decay tunnel
length of 5 m (dashed line) compared with 20 m (solid). RIGHT: L=100 km (dashed
line) compared with L=50km (dotted) and L=70 km (solid).
Table 5: Cost estimation, in thousands of dollars, of a 40 kton liquid scintillator detector,
together with a 10 kton detector, scaling up the costs of MiniBooNE.
MiniBooNE 10 kton 40 kton
Cost Scale Cost Scale Cost
Tanks 450 7 3150 18 8100
Tank installation 300 20 6000 80 24000
PMT+Cabling+Electronics 1782 7 12474 18 32076
Mineral Oil 740 20 14800 80 59200
Veto 684 7 4788 18 12312
DAQ 250 2 500 3 750
TOTAL 4500 41712 136000
2. The experiment can be run at the surface level. No overburden is needed (but an
active veto is foreseen).
3. No scale savings are applied starting from the MiniBooNE costs.
The scaling factors are 80 for the volume and 18 for the surface. The costs of a 10 kton
detector are also estimated (scaling factors are 20 and 7 respectively), its performances,
compared with the 40kton detector are reported in g.14. The nal cost, including the
excavation, is about 136 MUSD for the 40 kton and 42 MUSD for the 10 kton. In
g.14(right) is shown how the sensitivity degrades if the background rejection would be
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) sensitivity of a 10 kton detector (dashed line) com-
pared with the sensitivity of a 40 kton detector (solid). RIGHT: the default 40 kton





worsen by a factor 3 (dotted) and by a factor 10 (dashed).
11 Appendix































































is in two steps: rst Æm
2
sun

















second the unitarity of the mixing matrix is assumed, giving as result formula 6.
The rst approximation: Æm
2
sun
negligible, is not accurate if the LMA solution holds.
The three terms of eq.5 have not the same weight, and even if Æm
2
sun
is two orders of
magnitude lower than Æm
2
atm
, the approximation is not adequate.












































) ! 50 events
(8)
14
The full formula predicts 50 events, while the approximated formula would have given
42 events.
The SMA solution has Æm
2
sun
three orders of magnitude lower than Æm
2
atm
, in this case
the approximated formula 6 is adequate.













opens the conceptual possibility to measure the sign of Æm
2
sun
in case of the LMA solu-
tion. In practice the oscillation prediction for Æm
2
sun
with the sign reversed cannot be








If g.15(left) the 90% CL sensitivity of experiment is shown comparing the case of
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Figure 15: LEFT: comparison of the 90% CL sensitivity of the experiment for the LMA
(solid line) and any other solution of the solar neutrino puzzle (dashed line). RIGHT:





A word of caution must be spent regarding the computations of this note. Before the
HARP experiment the hadron production of 2.2 GeV protons is known with large sys-
tematic errors (up to 50%); the neutrino cross sections have similar uncertitudes. So
either the neutrino uxes and interaction rates are accurate within 40-50%.
Having said that, the physical reach of the SPL SuperBeam promise to be quite



















)measured better than 1%, again a factor 5 better than expected from
Minos.
15





to 0.01 [14, 15] (at the 3 level, the corresponding value of SuperBeam is 0.008).
The sensitivity on CP violation has not been studied in this note, also because antineu-
trino beams are not yet available, to be noted that in liquid scintillator 
e
interactions
can be separated from 
e
interaction through the neutron capture.
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